Computerized Tomography (CT) refers to the cross sectional imaging of an object from both transmission or reflection data collected by illuminating the object from many different directions. The most important contribution of CT is to greatly improve abilities to distinguish regions with different gamma ray transmittance and to separate over-lying structures. The mathematical problem of the CT imaging is that of estimating an image from its projections. These projections can represent, for example, the linear attenuation coefficient of γ-rays along the path of the ray. In this work we will present some new results obtained by using tomographic techniques to analyze column samples of concrete to check the distribution of various materials and structural problems. These concrete samples were made using different proportions of stone, sand and cement. Another set of samples with different proportions of sand and cement were also used to verify the outcome from the CT analysis and the differences between them. Those samples were prepared at the Material Laboratory of Faculdade de Engenharia de Sorocaba, following the same procedures used in real case of concrete tests. The projections used in this work was obtained by Mini Computerized Tomograph of Uniso (MTCU), located at the Experimental Nuclear Physics Laboratory at University of Sorocaba. This tomograph operates with a gamma ray source of 241 Am (photons of 60 keV and 100 mCi of intensity) and a NaI(Tl) solid state detector. The system features translation and rotation scanning modes, a 100 mm effective field of view, and 1 mm spatial resolution. The image reconstruction problem is solved using Discrete Filtered Backprojection (FBP).
Introduction
Computerized Tomography (CT) imaging, as we know today, was developed to produce images of cross-sections of the human body [1, 2] . The industrial application of CT may ultimately far exceed its medical applications. CT methods have been used in many other areas in recent years such as application in soil science [3, 4] , studies of living trees to measure growth rings [5] , detection of structural defects and others heterogeneities in polymer objects [6] , studies of asphaltic mixture in the fatigue test analysis [7] , application of gamma ray transmission in studies of water vertical ascending infiltration samples of concrete for popular habitation [8, 9] , etc. Civil construction industry has used in recent years, non-destructive tests to evaluate concrete structure without causing any further damage to the structure. There are many tests that can be used to determine the defects in concrete: ultrasonic pulse velocity and pulse echo methods, radioactive techniques [10, 11, 12, 13, 14] , radar techniques and acoustic emission phenomenon. Acoustic tomography [15, 16] is another technique that has been used to detect defects and fissure on concrete structures. An overview on the applications of non destructive testing techniques for assessment of concrete structures is given by Baladev Raj and Jayakumar [17] . In this work will present some new results, obtained using gamma ray tomographic technique, to analyze column samples of concrete, in order to check the distribution of various materials into the concrete samples and sugest the use of this technique to determine the moisture content or concrete trace (proportion of sand and cement used in the moisture).
Computerized tomography: material and methods
The gamma ray CT miniscanner employed in this experiment [18] , is a first-generation system with a fixed sourcedetector set up in which samples of concrete are translated and rotated. The data acquisition system and the movement of translation and rotation of sample are controlled by a PC. A tomographic image can be reconstructed, after a number of profiles of narrow-beam transmission are obtained at different orientations around a sample. These measurements represent the total linear attenuation coefficient of γ-rays along the path of the ray. Let N i denotes the number of γ-ray photons incident upon the sample within a specified time interval for a particular ray path and N the corresponding number of photons exiting the sample. Then, we can write for a mono-energetic γ-ray beam:
where N i and N are Poisson variables, µ * (x, y) represents the linear attenuation coefficient at (x, y), ds represents the elemental distance along the ray, and the integral is along the ray path from the γ-ray source to the detector. A measurement of the incident and the exiting γ-ray gives only an integral of µ * (x, y) over the ray path. The details of the sample along the ray path are summed into a single measurement. The image reconstruction problem is therefore to determine the distribution of the linear attenuation coefficient µ * (x, y) through the section of the specimen crossed by each ray. This problem could be solved using two different algorithms: i) Algebraic Reconstruction Techniques (ART) [19] and ii) Discrete Filtered Backprojection (FBP) [20, 21] . After this, the tomographic image of a cross section of the specimen studied is generated. The concrete samples utilized in this study, were made using cement type Portland-CP-II, fine natural sand, stones (coarse aggregate) with small diameter and water. The concrete blocks used in trace analysis were cilinders of approximately 10 mm of diameter and were subjected to uniform heating during a week, in a temperature of 100 Celsius, in order to dry the water content. The experimental set up were made with the purpose of checking defects, fissure, steel and stone distribution on concrete. Another set of samples, with different trace (proportions between sand and cement), were also used to verify if it was possible to identify the proportion of cement and sand used. The results of tomographic analyzes were obtained after a calibration of the tomographic system. Curves relating the Tomographic Units (TU) as function of linear attenuation coefficient of gamma ray as well as curves relating the trace of concrete with the gamma ray coefficient were constructed to allow the measurement of concrete physical parameters. Fig. 1 shows a tomographic image of typical concrete used in civil construction, where it is possible to identify the homogeneous distribution of stones in the concrete sample. This image was displayed using a computer program named Tomografia [22] .
Experimental results
The images showed in this paper were reconstructed using a set of projections, measured from 0 0 to 180 0 in steps of 3 0 and using the FBP algorithm. These reconstructions algorithms were especially adapted to be used in the Mini Computerized Tomograph of UNISO [23] . Fig. 2 shows another tomographic image that indicates the capacity of the method to identify some structures and imperfection in concrete, such as stone and air voids. In order to evaluate the differences between samples made with different traces, we used an experimental set up, where five samples of concrete were produced using the following mass proportions: a) only cement, b) 1:1, c) 3:1, d) 6:1 and e) 10:1 parts of sand and cement, respectively. Together with these samples, we put in the same set up, some others elements (a piece of Aluminum and a bulb of Water) to obtain the calibration curve between the intensity measured in tomographic units (TU) and linear attenuation coefficients. Figs. 4 shows the dependency of the trace used in the concrete samples with the mass attenuation coefficients (cm 2 /g) of gamma ray into the material. The linear attenuation coefficient (cm −1 ) that is proportional to the TU, is directly related to the mass attenuation coefficient through the density (g/cm 3 ) of the material. The solid line showed in Fig. 4 is the theoretical prevision of the dependency between the trace used in the concrete with these mass coefficient. The attenuation equation for a gamma ray beam passing through the concrete, gives the relation between the mass attenuation coeficients:
where µ t , µ c and µ s are the total, cement and sand mass attenuation coefficients (cm 2 /g); X t , X c and X s are the total, cement and sand absorption thickness (cm); ρ t , ρ c and ρ s are the total, cement and sand density (g/cm 3 ). In our analysis we are considering that X t can be divided in two parts, one of cement X c and another of sand X s . The trace (T) is defined by the mass rate (M s /M c ) and
Thus we can relate the total mass coefficient (µ t ) with the trace (T ) by the equation:
From the measurements of the values of mass coefficient attenuation of cement and sand we can determine the dependency between the total mass coefficient and the trace. A similar dependency between the linear attenuation coefficient and the trace can be write. All analyzed samples were previously dried, thus the attenuation coefficient of water was disregarded in our equations. Fig. 4 shows a good fitting of the experimental data by theoretical prevision eq. (3). 
Conclusion
Although the number of concrete samples used to test the gamma ray tomographic method in our concrete analysis was small, we obtained good identification of some structures and imperfection in the concrete, such as: stone distribution, air voids and steel. The trace identification showed in Fig. 4 , confirms the high potential of the method. In the case of real structure analysis, a sample must be taken and analyzed in the laboratory. We presented some possibilities of a gamma ray computerized tomography use for detail analyzis of concrete structure and the identification of concrete trace, that is a very important quantity to determine concrete quality.
